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EXECUTIVE SUMMARY

The 1.97 million acre Kenai Narional Wildlife Refuge (KNWR) is located on the Kenai Peninsula in
southcentral Alaska and is administered by the US. Fish and Wildife Service (Service). Management
of moose is one of the most important resource issues on the KNWR, and was in fact the primary
purpose for its establishment in 1941 zs the Kenai National Moose Range. As the principal ungulate
species on the KNWR, moose provide 2 primary food base for several predator and scavenger species.
Viable and healthy moose populations help maintain and enhance biodiversity on the KNWE_ In
addition, opportunities for consumptive and nonconsumptive uses of moose attract a large number of
human visitors to the KNWER. annually.

The current estimate of the number of moose in Alaska Game Management Unit 15, most of which
lies within the KNWR, is 5,500. Moose populations on the KNWR support an apparently stable
population of wolves and are an important food item for black and grizzly bears and for several
mammalian and avian species which scavenge predator- or winter-killed moose, including covotes,
lynx, bald eagles, ravens, and wolverines. Recent increasing trends in Alaska’s population and
visitation to the state can be expected to affect the KNWR through increasing demands on natural
resources, and the potential for negative impacts of human activities on wildlife, such as loss and/or
fragmentation of habitat. The KNWR will continue to experience the highest level of public use of
any national wildlife refuge in Alaska. The Service’s mandates for managing wildlife and habitats in
their natural diversity while providing opportunities for wildlife-oriented recreation on the KNWR
suggests the need for maintaining moose populations on the KNWR at near-current densities, subject
to namral fluctuations.

The KNWR Moose/Habitat Management Plan was developed to guide future Service management of
moose/habitat on the KNWR. The present status and trend of KNWR moose populations are
evaluated, and factors affecting moose population dynamics are examined. Based on these anaivses,
the Service proposes to work with the Alaska Department of Fish and Game (ADF&G) in the
following actions to maintain viable and healthy moose populations at near-current densities on the
ENWR: 1) implementation of 2 long-term habitat manipuiation program using prescribed bumning 2s a
primary tool; 2) continued monitoring of the status of moose populations using aerial surveys, direct
animal assessments, and habitat evaluation; 3) continuation of selective harvest regulations for bull
moose and establishment of moose population composition objectives for moose populations in the
northern, central, and southem portions of the KNWR; 4) examination of predator-prey relationships
and highway accidents involving moose in order to determine their future implications to moose and
predator population dynamics and moose management; and 5) identification of research priorities
related to moose management on the KNWR.

The Need For Action

Forest succession following human-caused wildfires has been the primary factor affecting mooss
population dynamics on the Kenai Peninsula during the past century. Early seral forest habitats
following fire on the Kenai Peninsula are especially favorable for moose, because they support high
densities of important forage species including paper birch, aspen, and willow. Because these species



must compete with black and white spruce for canopy dominance in later successional stages, they
ultimately grow out of reach for moose and are less dense as understory components. Habitat quality
and carrying capacity for moose therefore declines as these seral forest stands marure. Two major
wildfires occurred on the northemn Kenai Peninsulz, in 1947 and 1969, and both resulted in major
moose population increases. Significant moose population declines will occur as habitat quality in
seral habitats created by these fires declines with forest succession.

The Kenai Peninsula is being affected by an outbreak of spruce bark beetle (Dendroctonus rufipennis).
The State of Alaska, Division of Forestry, plans for widescale logging on the Peninsula to harvest
timber killed by the beetle. Approximately 52,000 acres are 1o be cut on state land during the next
five years. Logging will produce early seral habitats favorable to moose. Extensive logging is also
occuring on Cook Inlet Region Incorporated (CIRI) lands on the Kenai Peninsula. Owver the past 4
years 10,600 acres have been selectively cut (live and dead spruce) with an additional 19,500 acres 10
be cut over the next few years (Mike Franger, Land Manager for CIRI, pers. comm.).

Management Recommendations

Habitat Management

Prescribed bumning is the most practical, economical, and ecologically sound means to maintain early
seral forest stands in the acreages necessary to sustain near-current moose densities on the KNWR and
to manage the amount and continuity of forest fuels in order to decrease the risk of large and
carastrophic wildfires. Prescribed burning for moose habitat improvement is contingent on fire
funding (9120) or refuge operation funding (1261) dedicated to habitat manipulation. This Plan
presents three levels of habitat management using prescribed burning: 1) a no action alternative; 2) a
minimal action (1-2,000-acres-per-year minimum) alternative; and 3) a moderate action (2,000-4.000-
acres-per-year minimum) alternative. The moderate action manipulation level is the Service's
preferred alternative. This means that 2 minimum of 2,000 to 4,000 acres of late-successional habitat
will be manipulated per year to an early-successional habitat. The Service recognizes that in some
Yyears, conditions may prohibit manipulation, while in other vears, the minimum acreage will be
excesded. The Service proposes habitat manipulation objectives for the first three years of this Plan’s
implementation of 10,369 acres in the Mystery Creek Road area (northemn KNWR) and 1,000 acres in
the Funny River Road - Slikok Lake area (central KNWR).

The Service recognizes that smoke-related problems (decreased air quality, interference with air and
highway traffic) and escaped fires from prescribed burning activities are inherent risks associated with
this habitat management tool. The Service will minimize the potential for their occurence through
sinct adherence to federal and state air quality regulations and Alaska Department of Environmental
Conservation permit stipulations, and through active cooperation with the Alaska Division of Foresoy,
the agency with primary fire suppression responsibilities on the west side of the Kenai Peninsula.

Monitoring the Status of Moose Populations

The Service proposes conducting aerial moose censuses in cooperation with ADF&G at three-year
intervals in Game Management Subunit (GMS) 15A. and at fi ve-year intervals in GMS 15B and GMS



15C. Annual moose composition survey techniques which allow estimation of observable moose and
of age and sex components will be evaluated and adopted if practical in order to improve the among-
vear comparability of survey data. Systematic browse utilization surveys will be conducted annually
in representative habitats. The Service will continue to support research activities at the ADF&G
Moose Research Center as per cooperative agreement.! These activities include efforts to assess
moose population status using physiological indices of overall health of individual animais and
determining genetic variability in Kenai Peninsula moose populations.

Harvest Regulations and Population Compesition Objectives

The Service recommends continuation of selective harvest regulations for bull moose on the Kenai
Peninsula. Since 1987, bulls legal for harvest must possess either 2 spike/fork antler configuration on
at least one side, have a 50" or greater antler spread, or have at least three brow tines on at least one
side.

The Service's mandate for managing for namral diversity of wildlife populations and habitars on the
KNWR requires maintaining biologically-sound sex and age structures in moose populations which
ensure optimum reproductive performance and maintenance of population quality through genetic
variability. Establishment of moose population composition objectives for moose populations on the
ENWRE is an anempt to do so, while allowing for varving levels and types of public use. These
objectives (developed cooperatively with ADF&G) are as follows: 1) northem KNWR (on KNWR
portion of GMS 15A) 25-30 bulls: 100 cows, (within the Skilak Wildlife Recreation Area) 40 bulls:100
cows; 2) central KNWR (on KNWR portions of GMS 15B-West) 25-30 bulls:100 cows, (on KNWR
portions of GMS 15B-East) 40-60 bulls:100 cows; 3) southemn KNWR (on KNWR portions of GMS
15C-Caribou Hills) 40-60 bulls:100 cows, (on KNWR portions of GMS 15C-excluding Caribou Hills)
25-30 bulls:100 cows. Current harvest regulations have resulted in gradual increases in overall
bull:cow ratios and in prime-age bull:cow ratios on the KNWR. Bubenik (1987) considered 4-8 year
olds as prime-age bulls. These animals have a higher reproductive success because of their physical
and behavioral superiority (antler development, body size, threat displays, sparring, and fighting).

The refuge recognizes that low bull:cow ratios and severely skewed male age structures due to harvest
intensity might not be in the best longterm interest of Kenai Peninsula moose populations. Pregnancy
rates have apparently not been impacted by low bull:cow ratios in Alaska (as pointed out in the
Technical Supplement and in Schwartz er al, 1992), but there is concern that skewed sex ratios and
male age structures heavily favoring the younger age classes might over the longterm negatively
impact genetic variability and population viability.

Higher bull:cow ratio objectives for the Tustumena Benchlands and the Caribou Hills recognize the
importance of these critical habitats as moose rutting areas where large-antlered bulls have historically

; Support of the Moose Research Center would consist of road maintenance, limiied faciliti=s maintenance,
access 10 laboratory space and equipment, and possibly temporary personnel. (from Kenai Refuge Final
Comprehensive Conservation Plan, p.129). The supplement to the coopcrative agreement, dated 26 February 1968,
which addresses the Moose Research Center is outdated. A draft Memorandum of Understanding, dated 13 March
1982, was never signed. The refuge manager has regucsted direction from the Regional Office on 2 renewal of the

Supplemental Cooperative Agreement.
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congregated for the rut, (which is not adequately addressed in the refuge's Comprehensive
Conservation Plan). The 40-60 bulls:100 cows ratio provides a benchmark. Should changes in access,
visitation rates, harvest strategy, etc., occur which significantly impact moose populations in these
habitats, a framework will be in place for these management areas. More effort is needed to gather
population and composition data in these areas.

Predator-Frey Relationships and Highway-related Mortality

Recent moose population dynamics in the northern KNWR have shown that a moderate density moose
population can increase in a multiple predator-moose system (wolves, black bears, and brown bears)
when habitat conditions become favorable. The potential for providing sustained numbers of moose to
support healthy predator and scavenger populations and high levels of human use on the KNWR using
habitat management is greatest before moose densities decline due to the progressive loss of productive
habitats creared in the past by wildfires. Fecent research indicates that when moose populations
decline to low densinies as a result of decreasing habitat quality, moose populations may not respond
to improved habitat resulting from a wildfire or habitat manacement due to the potentially controlling
effect of predarion at low moose densities.

Highway accidents involving moose are an increasingly serious public safety hazard on the Kenai
Peninsula and have potential to limit moose population growth. Highway accidents are an important
source of mortality for breeding-age cow moose on the Kenai Peninsula. The Service proposes to
concentrate wintering moose away from roads and residential areas using habitat management and
supports expansion of public awareness campaigns to reduce the incidence of roadkills.

Research/Management Study Priorities

The Service and ADF&G identify the following as priorites for information gathering related to moose
and habitat management on the KNWR: 1) prescribed fire research involving site and prescription
vaniables; 2) vegetation studies involving fire frequencies, the effects of browsing by herbivores,
relationships of fire to blue joint grass, and effects of spruce bark beetle infestations; 3) a population
idennity study of moose utilizing early seral habitats on the northem KNWR; and 4) refinement of the
ADF&G’s computerized population simulation models for KNWR moose populations.



INTRODUCTION

The Kenai National Moose Range (Moose Range) was established by President Franklin D. Roosevelt
on December 16, 1941, under Executive Order 8979. Its primary purpose was to protect the "giant
Kenai moose” and its habitat. Expanding moose populations following fires between 1871 and 1910
drew amention to the area from sportsmen, market hunters, and early conservationists (Spencer and
Hakala 1964). Concern over winter die-offs during the 1920s, believed 1o be due to deteriorating
range conditions and severe winter weather (Walker 1923), resuited in a formal proposal in 1932 by
the Alzska Game Commission to create 2 national moose reserve to protect this valuable resource.
Ongoing scientific investigations (Paimer 1938, 1939) ultimately led to the establishment of the Moose
Range in 1941 (Spencer and Hakala 1964).

The Alaska National Interests Lands Conservation Act (ANILCA) redesignated the Moose Range as

the Kenai National Wildlife Refuge (KNWR) on December 2, 1980. The purposes of the refuge are

1) to conserve fish and wildlife populations and habitats in their natural diversity including, but not
limited 10, moose, bear, mountain soats, Dall sheep wolves and other furbearers, salmonids and other
fish, waterfowl and other migratory and nonmigratory birds; 2) to fulfill international treary obligations
with respect to fish and wildlife and their habitats; 3) 10 ensure water quality and quantity; 4) to
provide opportunities for research, interpretation. environmental education, and land management
training; and 5) 1o provide, in 8 manner compatible with these purposes, opportunities for fish and
wildlife-oriented recreation.

Moose management remains one of the most important resource issues on the KNWR. Opportunities
for consumptive (hunting) and nonconsumptive (viewing, photography) uses of moose attract a large
number of visitors annually. As the principal ungulate species on the KNWR, moose provide a food
base for several predator and scavenger species. Moose are the primary prey for wolves and an
important prey item for black bears (calves) and brown bears. Many smaller mammalian and avian
predators and scavengers such as wolverine, coyotes, Iynx, bald eagles, ravens, and magpies scavenge
winter-killed and predator-killed moose. Recognizing the importance of this resource, the KNWR
Comprehensive Conservation Plan (1986) stipulared that a step-down management plan for moose
populations on the KNWR would be developed and implemented.

A Master Memorandum of Understanding (1982) between the U.S. Fish and Wildlife Service (Service)
and the Alaska Department of Fish and Game (ADF&G) regarding fish and wildlife manasement in
Alaska among other agreements recognizes that ADF&G is the primary agency for managing fish and
resident wildlife within the State of Alaska. It also recognizes that the Service will manaee habitat on
Service lands in Alaska in order 1o ensure conservation of fish and wildlife popuiations and their
habitats in their natural diversity and that fish and wildlife populations will be managed in their natural
diversity on Service lands in Alaska

This Plan details specific management actions to be undertaken by the Service on the KNWR,
including habitat management and cooperation with ADF&G in monitoring the status of moose
populations using aerial surveys, habitat evaluation, and direct animal assessments. It outlines
ares-specific moose population composition objectives (developed in cooperation with ADF&G) for
the KNWR. Options for regulating harvest to mest these composition objectives are presented for
consideration. It addresses predation and roadkills, rwo important mortality sources for moose on the



KNWR. The Plan identifies several informational needs and research priorities related to moose
management on the KNWR. Lastly, the Plan gives a history of KNWR moose management and
discusses the implications of recent moose population dynamics.

A comprehensive review of moose population and habitat data and assessment of factors influencing
moose population dynamics on the KNWR since its establishment are presented in the Technical
Supplement to the Plan. Moose management objectives and recommended strategies presented in the
Plan are based on information summarized in the Technical Supplement. Readers are encouraged
refer to this document as necessary for more detailed informanon.

The Kenai National Wildlife Refuge

Physical Description

The original KNWR boundaries in 1941 encompassed 2.06 million acres (833,000 ha). Boundary
changes in 1964 reduced its size to 1.73 million acres (700,000 ha) by removing areas along the Kenai
River, coastal lands between the Kasilof River and Point Possession, and a portion of the Harding Ice
Field. ANILCA added nearly 250,000 acres (100,000 ha) to the KNWR and designated 1.35 million
acres (550,000 ha) as wildemness. With the addition of these lands, the current boundaries encompass
1.97 million acres (797,000 ha) (Figure 1). The KNWR is the single largest federal land management
unit on the Kenai Peninsula.

Thres major landforms are present on the KNWR: the Kenai Mountains, the Tustumena Benchiands,
and the Kenai Lowlands. The eastern portion of the KNWR lies within the Kenai Mountains, which
range in elevation from 3,000 to 6,600 feet (900-2000 m). The Tustumena Benchlands, located
berween Skilak and Tustumena lakes, is 2 270 mi® (700 km®) plateau ranging from 800 to 2300 feet
(250-700 m) in elevation in the east-central portion of the KNWR. The Kenai Lowlands comprise the
western two-thirds of the KNWR. These lowlands consist of ground moraine and stagnant ice terrain
with low ridges, hills, and muskeg. Relief ranges from 50 to 250 feet (15-76 m) and the area contains
thousands of lakes and ponds.

Vegeration

Habitats on the Kenai Lowlands are predominantly forested with a mixture of white spruce (Picea
glauca), black spruce (P. mariana), quaking aspen (Populus tremuloides), and paper birch (Berula
papyrifera). White spruce is the climax species on well-drained soil and black spruce dominates on
pooriy-drained sites. Approximately half of the forested areas on the Kenai Lowlands ar= in various
successional stages due to fire. Two large human-caused wildfires, in 1947 and 1969, have occumred
since the KNWR’s establishment. The 1947 bumn encompasses 483 mi® (1250 km®), and the 1969
burm encompasses 136 mi® (352 km®) (Figurs 2). The major woody vegetation in these burned aress
varies considerably with white and black spruce, paper birch, quaking aspen, and several species of
willow (Salix spp.).

Habitats in the Tustumena Benchlands are characterized by a white spruce dominated forest
g.r&ding into a subalpine shrub community at higher elevations. Paper birch and quaking aspen are
interspersed in various densities throughour the spruce forest, and black contonwood (Populus

6
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Figure 1. Location of the Kenai National Wildlife Refuge, Kenai Peninsula, Alaska.
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Figure 2. Location of the 1947 and 1969-burns on the Kenai Lowlands, Kenai Peninsula,
Alaska .
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trichocarpa) is found along streams and rivers. Willow and Sitka alder (Alnus sinuata) predominaie in

he shrub community.

Forests in the Kenai Mountains are dominated in inland areas by white spruce and in coastal arsas by
Sitka spruce (P. sitchensis). Mountain hemlock (Tsuga canadensis) and westen hemlock (70
heterophylia) also occur in foothills. The spruce-birch complex tends to dominate at lower elevations
while the spruce-hemlock type is more common zbove 650 feet (200 m). Pure hemlock stands are
also found. Alpine tundra is comprised of tall shrub (willow and alder) and dwarf shrub-licher

communines.

Relationship of the KNWR with Alaska Game Management Units

The Kenai Peninsula contains two State of Alaska Game Management Units (GMU). GMU 7 and
GMU 15 cover the eastern and westem portions of the Peninsula, respectively (Figure 3). GMU 7 is
bounded on the west by the Kenai Mountains and extends eastward to the Gulf of Alaska and Sargent
Icefield. GMU 15 is subdivided into Game Management Subunits (GMS) 154, 15B, and 15C. GMS
15A is boundad on the south by the Kenai River, on the north and west by Cook Inlet, and on the east
by the Kenai Mountains. GMS 15B lies berween the Kenai River and Skilak Lake to the north and
the Kasilof Fiver and Tustumena Lake to the south. It is bounded by Cook Inlet in the west and the
ENWR boundary in the east. GMS 13B has been further divided for moose management purposss
into GMS 13B-West and GMS 15B-East. Most of GMS 13A and GMS 15B lie within the boundaries
of the KINWR, as do the northem portion of GMS 15C and a small area in the northwestern comer of
GMU 7.

Although some interchange oceurs berween moose populations within various GMUs and GMSs on the
Kenai Peninsula, they contain more or less discrete moose populations. Their boundaries are thersfore
less artificial for moose management purposes than those of the KNWR. GMUs and GMSs on the
Kenai Peninsula have historically been used as survey areas for fall population compesition surveys
and, beginning in 1987, as survey areas for density surveys which generate moose population
estimates. For these reasons, the area-specific moose management objectives and strategies presented
in this Plan unlize portions of the KNWR within GMS’s 154, 15B, and 15C to define management

zones for moose.

FUTURE MOOSE MANAGEMENT ON THE KNWR
Moose Management Objectives

Moose populations on the Kenai Peninsulz north of Tusmumena Lake have responded in dramatic
fashion to the conversion of climax forest types (primarily white and black spruce forests in the
Kenai Lowlands) to early seral forests (aspen and birch) by fire and other perturbations which have
occurred since the late 19th century (Lutz 1960, Spencer and Hakala 1964, Bishop and Rausch 1974,
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Bailev 1978, Bangs and Bailey 1980). Plant species in these early successional habitats inclnde the
principal browse species for moose on the KNWR: paper birch, quaking aspen, and several species of

willow,

The KNWR Comprehensive Conservation Plan sets a2 numerical population objective of 5,500 moose
for the KNWR. Of this total, the objective for GMS 15A is 3,600 moose. The uncertainties
associated with the future creation and maintenance of new early seral habitats (either by unplanned
wildfires or planned habitat management) limit the usefulness of establishing numerical objectives for
various moose populations on the KNWR. This is especially true for the GMS 15A moose population
which is subject to the loss of prime habitat as the 1969 burn mawres. The moose management
objectives presented in this Plan therefore do not include numerical population objectives. Rather,
they include projections of GMS 15A moose populations under three potential habitat management
scenarios: no management, minimal management (1-2,000-acres-per-year managed), and moderate
management (2-4,000-acres-per-year managed). These objectives are discussed below.

Within the context of the purposes for the KNWR’s establishment and in cooperation with ADF&G,
the primary moose management objectives on the ENWR involve maintaining moose densities
consistent with 1) providing a prey/food base capable of supporting viable and healthy predator and
scavenger populations, thus maintaining namral diversity of wildlife; 2) preventing chronic over-
utilization of forage plant species which could result in long-term negative impacts on habitat diversity
and quality; 3) providing opportunities for scientific study; and 4) providing opportunities for
wildlife-oriented recrearion, including consumptive and nonconsumptive uses.

Mesting these moose management objectives will require 1) maintaining an adequate habitar base such
that moose populations remain on a high nutritional plane and food resources are not limiting
population growth; 2} maintaining biologically-sound sex and age structures which ensure maximum
reproductive performance and maintenance of population qualiry through genetic variability; and 3)
careful monitoring of moose population status. The following are therefore prerequisite to mesting
these moose management objectives on the KNWR and represent the goals of this Plan:

1) development of a long-term habitat management program for the KNWR, primarily using
prescribed fire, which defines area-specific objectives for locations and total acreage of
habitat to be manipulated.

2) development of a standardized and systematic moose population assessment program for the
KNWR which includes three components: a) aerial surveys to gather population statistics; b)
habitat evaluarion; and ¢) direct animal assessments.

3) identification of area-specific population composition (sex and age structure) objectives for
moose populations throughout the KNWR, and recommendation of harvest strategies to help
meset these objectives.

4) discussion of predation and roadkills in relation to moose population dynamics.

5) identification of informational needs and research priorities related to moose management on

the KNWR.

Nonconsumptive use of moose, including viewing and photography, must be accommodated on the
ENWR. Wildlife viewing will continue to be a2 major emphasis of management in the Skilak Lake
Wildlife Recreation Area (SLWRA). Opportunities for recreational uses of moose will continue to
emphasize the wildemness character of designated Wilderness areas on the KNWER.
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Moose Management Recommendations

Habitat Management
Purpose and Objectives

This portion of the Plan describes a program of vegetation management which, if successfully
implemented, will increase the long-term minimum amount of early seral forest habitat on the KNWR,
while decreasing the risk of major wildfires by reducing the amount and continuity of forest fuels.
Specific objectives of the Habitat Management section are as follows:

Describe the current forest habitat mosaic on the Kenai Lowlands

Establish the quantity and location of KNWR lands available for forest habitat manipulation.
Us=s a computer model to predict the long-term effects of different levels of annual vegetation
manipulation on the abundance of early seral forest habitat, and on moose populations. Select
a preferred alternative.

Establish a procedure to prioritize KN'WR lands for habitat management.

Describe specific project areas for the first five years of Plan implementation.

Discuss other needs of the habitat management program for evaluation and planning.

Evaiuate and select techniques available for manipulation of habitat

Outline a five-vear work plan with personnel. equipment. and fiscal requirernents to mest
habitat management objectives, based on the preferred alternative.

W
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Description of Current Forest Habitat Mosaic

In much of interior Alaska, extensive glacial and riparian seral communities, constantly renewed by
erosion, flooding, and scouring by ice, provide a relatively stable early seral forest habitat for
wimntering moose (LeResche er al. 1974). Wildfires supplement this permanent base with transient
local expansions of early seral habitat, resulting in moose populations which often fluctuate widely but
remain generally above those supported by the glacial and riparian base. The Kenai Lowlands, in
contrast, have a very limited stable habitar base, consisting of a few narrow stream corridors and
glacial outwash plains. Therefore, while the Kenai Lowlands have the potential for providing
excellent moose habitat, the carrying capacity in the absence of fire and other large-scale disturbances
is quite low. History supports this theory (Spencer and Hakala 1964). In recent years, residential and
commercial development along the road system has provided additional disturbed habitat amractive 1o
wintering moose, but has also resulted in high mortality rates due primarily to moose/fvehicle
interactions (DelFrate and Spraker, 1991).

Figure 4 and Table | map and deseribe all major seral forest habitats resulting from wildfires and
other habitat disturbances from the 1947 Skilak Lake fire until 1995. Winter browse available for
moose in the 1947 bumn has declined almost to the level of the surrounding mature forest. These data
indicate that a5 the 1969 Swanson River fire loses its productive capacity for moose over the next
severzl vears, significantly less early seral forest habitar will be present. The Kenai Lowlands are
apparently on the brink of a substantial decline in optimal moose wintering habitat.

The future of forest fuel accumulation and resulting increase in the danger of a large and costly
wildfire is predictable. In recent years the 1947 and 1969 bums, by virtue of their location and
immense size, have provided the northe